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Objective
The authors determined whether there was an advantage to laparoscopic appendectomy when
compared with open appendectomy.

Summary/Background Data
The advantages of laparoscopic appendectomy versus open appendectomy were questioned
because the recovery from open appendectomy is brief.

Methods
From January 15, 1992 through January 15, 1993, 75 patients older than 9 years were entered
into a study randomizing the choice of operation to either the open or the laparoscopic technique.
Statistical comparisons were performed using the Wilcoxon test.

Results
Thirty-seven patients were assigned to the open appendectomy group and 38 patients were
assigned to the laparoscopic appendectomy group. Two patients were converted intraoperatively
from laparoscopic appendectomies to open procedures. Thirty-one patients (81 %) in the open
group had acute appendicitis, as did 32 patients (84%) in the laparoscopic group. Mean duration
of surgery was 65 minutes for open appendectomy and 87 minutes for laparoscopic
appendectomy (p < 0.001). There were no statistically significant differences in length of
hospitalization, interval until resumption of a regular diet, or morbidity. Duration of both parenteral
and oral analgesic use favored laparoscopic appendectomy (2.0 days versus 1.2 days, and 8.0
days versus 5.4 days, p < 0.05). All patients were instructed to return to full activities by 2 weeks
postoperatively. This occurred at an average of 25 days for the open appendectomy group versus
14 days for the laparoscopic appendectomy group (p < 0.001).

Conclusions
Patients who underwent laparoscopic appendectomies have a shorter duration of analgesic use
and return to full activities sooner postoperatively when compared with patients who underwent
open appendectomies. The authors consider laparoscopic appendectomy to be the procedure of
choice in patients with acute appendicitis.
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Recently, laparoscopic techniques have been applied
to a variety of abdominal procedures that were per-
formed traditionally via an open technique. Laparo-'
scopic cholecystectomy has gained wide acceptance
since it has been shown to be as safe as open cholecystec-
tomy, but with the advantage ofa shorter hospitalization
and an earlier return to work. 1' Laparoscopic tech-
niques have been described for appendectomy, colon re-
section, adrenalectomy, and splenectomy.

Laparoscopic appendectomy was first described by
Semm6 in 1983 and initially was performed incidental to
other pelvic procedures. As the operative techniques
were refined, the indications were extended to patients
with suspected appendicitis.7"8

Early series of laparoscopic appendectomies have re-
ported minimal morbidity and a shortened recovery.
However, many surgeons have questioned the advan-
tages of laparoscopic appendectomy because the recov-
ery from open appendectomy is brief. This study deter-
mined whether the laparoscopic procedure is an advan-
tage, compared with the open technique.

METHODS

From January 15, 1992, through January 15, 1993, all
patients older than 9 years with a preoperative diagnosis
of acute appendicitis were offered entry into the study
protocol. Interval appendectomies and appendectomies
performed incidental to other procedures were not in-
cluded in the study. Patients were assigned randomly to
receive either open or laparoscopic appendectomies.
Open appendectomies were performed through a right

lower quadrant, muscle-splitting incision. Laparoscopic
appendectomies were performed using a 10-mm perium-
bilical Hasson trocar, a 10-mm trocar in the right lower
quadrant, and a 5-mm suprapubic trocar. The mesentery
of the appendix was divided using endoclips, and the
base of the appendix was ligated with chromic endo-
loops. The appendix was placed in a sterile latex recepta-
cle for retrieval from the abdomen. Patients were con-
verted from laparoscopic to open appendectomies at the
discretion ofthe surgeon; however, postoperative results
for the two converted patients were calculated in the lap-
aroscopic group.
The two groups were compared with regard to patient

demographics, pathologic findings, operative time (skin
incision to skin closure), and postoperative course. Pa-
tients were instructed to return to full activities 2 weeks
postoperatively. Patients were observed by clinic visit or

Table 1. COMPARISON OF OPEN AND
LAPAROSCOPIC APPENDECTOMY

Open Laparoscopic

Average age (yrs) 30 (10-68) 28 (10-70)
Male:female ratio 20:17 16:22
Acute appendicitis percent 81 84
Mean operating time (min) 65 (20-210) 87 (45-150)
p < 0.001

Regular diet (days) 2.5 1.7
p = NS

Hospitalization (days) 2.8 2.0
p = NS

Morbidity 5% 8%
p = NS

Parental analgesic use (days) 2.0 1.2
p<0.02

Oral analgesic use (days) 8.0 5.4
p<0.02

Return to full activities (days) 25 14
p<0.001

telephone interview at 2, 4, and 8 weeks postoperatively,
and follow-up was complete for all patients.

Statistical comparisons were made using the Wilcoxon
test. The study protocol was reviewed and approved by
the hospital research committee and the institutional re-
view board. All patients signed informed consent in ac-
cordance with institution and state guidelines.

RESULTS
During the 1-year study period, 77 patients had signs

and symptoms ofacute appendicitis and were offered en-
try into the study. Seventy-five patients agreed to partic-
ipate; 37 patients were assigned to the open appendec-
tomy group and 38 patients were assigned to the laparo-
scopic appendectomy group. Two patients were
converted from laparoscopic to open appendectomies
during surgery, and their results remain in the laparo-
scopic group. Average age and male:female ratio were
similar in both groups. Thirty patients (81 %) in the open
group and 32 patients (84%) in the laparoscopic group
had acute appendicitis. Six patients who had open ap-
pendectomies and seven patients who had laparoscopic
appendectomies had free appendiceal perforation. Mean
duration of surgery was 65 minutes for the open appen-
dectomy group and 87 minutes for the laparoscopic ap-
pendectomy group (p < 0.001, Wilcoxon test). No statis-
tically significant differences were noted in the length of
hospitalization, interval until the resumption ofa regular
diet, or morbidity (Table 1). Patients who underwent
laparoscopic appendectomies had a shorter duration of
parenteral and oral analgesic use (2.0 days versus 1.2

Address reprint requests to Richard C. Frazee, M.D., Scott and White
Clinic, 2401 South 31 st Street, Temple, TX 76508.

Accepted for publication December 22, 1993.

Ann. Surg. *June 1994



Open vs. Laparoscopic Appendectomy 727

days, and 8.0 days versus 5.4 days, p < 0.05, Wilcoxon
test). Patients who had laparoscopic appendectomies re-
turned to full activities 14 days postoperatively versus 25
days for patients who underwent open appendectomies
(p < 0.001, Wilcoxon test).

DISCUSSION
Early reports on the use of laparoscopy for appendici-

tis center around its use as a diagnostic tool. The negative
appendectomy rate in most series of open appendecto-
mies ranges from 20% to 30%.9`' This rate has become
accepted because as the diagnostic accuracy increases, so
does the rate of perforation. In the early 1 980s, laparos-
copy was advocated as a means of decreasing the rate
of negative appendectomy without increasing the rate of
complications.' 1-13 In one series, however, the appendix
could only be visualized directly during single trocar di-
agnostic laparoscopy in 4 of46 patients. They used indi-
rect signs ofappendicitis, such as adherence ofthe omen-
tum to the right lower quadrant, cecal inflammation, or
the presence of turbid fluid in the pelvis, to assist in the
operative decision-making process. Since that time, op-
erative laparoscopy has become more commonplace,
with advances in both equipment and operative tech-
niques. The surgical technique for laparoscopic appen-
dectomy is now well described, and several different
methods have been developed. 4'-16 Both three- and four-
trocar techniques have been described. The base of the
appendix can be ligated by intracorporal or extracor-
poral suturing, endoloop placement, clip application, or
stapling device. All laparoscopic appendectomies in our
series were performed using three trocars and chromic
endoloops to ligate the appendiceal stump.

Several retrospective reviews have reported the advan-
tages of laparoscopic appendectomy when compared
with historical controls for open appendectomy. Scott-
Conner et al.'7 reported that for 16 patients undergoing
laparoscopies for suspected appendicitis, laparoscopic
appendectomies were performed successfully in 12 pa-
tients. Two patients ( 12.5%) were converted to celiotomy
for bleeding or a perforated appendix. Hospital stay av-
eraged 2.5 days, and all patients returned to full activities
between 1 and 2 weeks after surgery. The authors con-
cluded that laparoscopic appendectomy can be per-
formed safely with comparable results to open appen-
dectomy.
Nowzaraden et al.'8 retrospectively reviewed 43 pa-

tients with right lower quadrant pain and a preoperative
diagnosis of acute appendicitis who underwent laparo-
scopic appendectomies. Patients with perforation by ei-
ther preoperative examination or operative findings au-
tomatically underwent open appendectomies. Nowzara-
dem et al. claimed that laparoscopic appendectomies

resulted in less postoperative pain, a shorter hospital
stay, earlier return to normal activities, fewer long-term
sequelae, lower morbidity, and a better cosmetic result.
Pier et al.'9 studied 625 laparoscopic appendectomies
performed in 678 patients with suspected appendicitis.
Two percent ofthe patients required conversion to open
appendectomies. Morbidity was low and included three
patients who developed bleeding problems and three pa-
tients with postoperative intra-abdominal abscesses.
Their average operating time 15 to 20 minutes, which is
significantly shorter than our experience and other re-
ports in the literature. The average operating time in our
series favored open appendectomy. Laparoscopic appen-
dectomies took an average of 87 minutes, whereas open
appendectomies required 65 minutes. It is questionable,
however, whether the additional 22 minutes of average
operating time is clinically significant.

Schirmer et al.20 reviewed 122 patients who underwent
either open appendectomies, diagnostic laparoscopies
with or without open appendectomies, or laparoscopic
appendectomies during a 3-year period. Their patients
were not randomized, and the selection criteria is unde-
fined for the choice of surgery. They showed no differ-
ence in hospital stay, mortality, complications, or cost
when comparing the open and laparoscopic techniques.
The authors stated that their results are evidence that a
controlled randomized trial comparing these two treat-
ments is indicated. They emphasized the need for
surgeons sufficiently skilled in laparoscopic appendec-
tomy to perform such a study so that potential biases in-
troduced by the learning process would be avoided. Our
study was initiated after 2 years of experience with lapa-
roscopic appendectomy. Although each of the cases in-
volved surgical resident participation, they were per-
formed under the supervision of experienced laparo-
scopic surgeons.

In a summary of a presentation made by Richards et
al.2' at the 1992 American College of Surgeons meeting
on laparoscopic appendectomy, Fitzgibbons stated that
comparisons between different patient groups or histori-
cal controls can lead to a selection bias, and, without a
randomized clinical trial, this limitation cannot be over-
come. Because ofthese concerns about selection bias and
patient selection, we devised the current prospective ran-
domized trial. All patients older than 9 years were offered
entry into the study. Both patient groups were compara-
ble with respect to age, male:female ratio, and percentage
of patients with acute inflammation. No statistically sig-
nificant differences were seen in length of hospital stay,
interval until resumption of a regular diet, and morbid-
ity. Operating times were longer for laparoscopic appen-
dectomies, with a mean of87 minutes versus 65 minutes
for open appendectomies. The duration of the use of
both parenteral and oral pain medication was shorter in
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the laparoscopic group, which reflects the diminished
pain seen with laparoscopic surgery. One ofthe main ad-
vantages seen in the laparoscopic group, however, was
the recovery after discharge from the hospital. All pa-
tients were instructed to resume full activities 2 weeks
postoperatively. Patients who had laparoscopic appen-
dectomies resumed full activities 14 days postopera-
tively, whereas patients who underwent open appendec-
tomies did not do so until 25 days postoperatively.

This study confirmed the safety and efficacy oflaparo-
scopic appendectomy. It can be performed in a high per-
centage of patients, even in the presence of perforation.
In addition, however, it demonstrated the superiority of
laparoscopic versus open appendectomy in terms of di-
minished postoperative pain and length of recovery. We
conclude that laparoscopic appendectomy is the proce-
dure ofchoice for patients with suspected acute appendi-
citis.

References

1. Graves HA, Ballinger JF, Anderson WJ. Appraisal of laparoscopic
cholecystectomy. Ann Surg 1991; 213:655-669.

2. Frazee RC, Thames T, Appel M, et al. Laparoscopic cholecystec-
tomy: a multicenter study. J Laparoendosc Surg 1991; 1: 157-159.

3. Peters JH, Ellison EC, Innes JT, et al. Safety and efficacy of laparo-
scopic cholecystectomy. A prospective analysis of 100 initial pa-
tients. Ann Surg 1991; 213:3-12.

4. Schirmer BD, Edge SB, Dix J, et al. Laparoscopic cholecystectomy.
Treatment of choice for symptomatic cholelithiasis. Ann Surg
1991; 213:665-677.

5. Frazee RC, Roberts JW, Okeson GC, et al. Open versus laparo-
scopic cholecystectomy: a comparison ofpostoperative pulmonary
function. Ann Surg 1991; 213:651-654.

6. Semm K. Die Endoscopische Appendektomie. Gynakolog Prax
1983; 7:131-140.

7. Leahy PF. Technique of laparoscopic appendectomy. Br J Surg
1989; 76:616-617.

8. Brown DS. Laparoscopic guided appendectomy. Aust N Z J Obstet
Gynecol 1990; 30:231-233.

9. Lewis FR, Holcroft JW, Boey J, Dunphy JE. Appendicitis: a criti-
cal review of diagnosis and treatment in 1000 Cases. Arch Surg
1975; 110:677-684.

10. Berry J Jr, Malt RA. Appendicitis near its centenary. Ann Surg
1984; 200:567-575.

11. Leape LL, Ramenosky ML. Laparoscopy for questionable appen-
dicitis: can it reduce the negative appendectomy rate? Ann Surg
1980; 191:410-413.

12. Dunn EL, Moore E, Eldering SC, Murphy JR. The unnecessary
laparotomy for appendicitis: can it be reduced? Am J Surg 1982;
48:320.

13. Deutsch A, Zelikowsky A, Reiss R. Laparoscopy in the prevention
of unnecessary appendectomies: a prospective study. Br J Surg
1982; 69:336-337.

14. Pier A, G-tz F. Laparoscopic appendectomy. Probl Gen Surg 1991;
8:416-425.

15. Reddick EJ, Saye WB. Laparoscopic appendectomy. In Zucker
KA, ed. Surgical Laparoscopy. St. Louis: Quality Medical Publish-
ing, 1991, pp 227-239.

16. Olsen DO. Laparoscopic appendectomy using a linear stapling de-
vice. Surg Rounds 1991; 14:873-883.

17. Scott-Conner CE, Hall TJ, Anglin BL, Muakkassa FF. Laparo-
scopic appendectomy: initial experience in a teaching program.
Ann Surg 1992; 215:660-668.

18. Nowzaradan Y, Westmoreland J, McCarver CT, Harris RJ. Lapa-
roscopic appendectomy for acute appendicitis: indications and
current use. J Laparoendosc Surg 1991; 1:247-257.

19. Pier A, Gotz F, Bacher C. Laparoscopic appendectomy in 625
cases: from innovation to routine. Surg Laparosc Endosc 1991; 1:
8-13.

20. Schirmer BD, Schmieg RE Jr, Dix J, et al. Laparoscopic versus
traditional appendectomy for suspected appendicitis. Am J Surg
1993; 165:670-675.

21. Richards WO, Fitzgibbons RJ. Laparoscopic appendectomy com-
pares favorably with open appendectomy but costs may limit use.
Gene Surg Laparosc News 1992; 13:3.

Discussion
DR. R. SCOTT JONES (Charlottesville, Virginia): First, I want

to compliment Dr. Roberts and Dr. Frazee for approaching this
question with a randomized clinical trial. This is, obviously, the
optimal method for answering the questions about difference
in therapies, and this was a well-designed, well-conducted, and
well-presented clinical study. I will begin by commenting that
the results of this work and overall effectiveness of the thera-
pies, morbidity, and so forth, certainly reflected the same kinds
of outcomes reported by Drs. Schirmer and Hanks and others
in a previous nonrandomized study from our department, as
well as other work. I have a couple or three questions I wanted
to ask. But first, I would mention at the outcome of this, there
was a statistically significantly reduced consumption ofanalge-
sics in the laparoscopic group and that there was a faster return
to work in the laparoscopic group, were conclusions that I be-
lieve were clearly supported by the data and certainly would
influence our judgment about choosing the two operations.
Now I'd like to ask a couple ofquestions, or I should say invite
the presenters to elaborate on some of their data if they can.
And the first point would be to ask if they could comment on
how often the correct diagnosis was made when the patients
didn't have appendicitis. In other words, a patient had a normal
appendix and you've got a McBurney incision versus laparos-
copy, could you tell us how effectively those situations permit-
ted the correct diagnosis when it wasn't acute appendicitis? The
second question was that they had 8% morbidity in the laparo-
scopic group and a 5% in the open group. Perhaps, you could
share with us qualitatively what the nature ofthe complications
were in both of those groups. Lastly, I would like to know
whether you thought that the laparoscopic technique permitted
a decrease in morbidity when the patients had a normal appen-
dix. In other words, was the morbidity of the operation less if
there was a normal appendix?

DR. HUNTER HOLMES MCGUIRE (Richmond, Virginia):
Thirty-five years ago, I had my own appendix removed in a 15-
minute operation, and I was on the tennis court a week later. It
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